The paper presents the automatic control of the aircrafts in the longitudinal plane during the landing process, taking into account the wind shears and sensor errors. Two automatic landing systems (ALS) are designed: the former uses an Instrumental Landing System (ILS), while the latter controls the flight altitude using the state vector. Both systems have a subsystem for the control of longitudinal velocity, which is based on the dynamic inversion theory. The subsystems for the pitch angle control use proportional-derivative control laws or a law based on the dynamic inversion theory and a proportional-integral-derivative controller. The slope and flare controllers are a proportional-derivative (PD) controller and a proportional-integral-derivative (PID) controller, respectively. The controllers are designed both in classical and fuzzy logic approaches. 
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I. Introduction
The first Automatic Landing System (ALS) was designed in Niewoenhner and Kaminer 1996) . If the flight conditions are outside the specific envelope, then the ALS is disabled, and the pilot takes the aircraft control. It is possible that a nonexperienced pilot does not succeed in controlling the aircraft during the landing process. According to the international statistics, 62% of aircraft accidents are due to the atmospheric disturbances (wind disturbances).
In recent years lots of scientific researches have applied the intelligent concepts for the aircrafts automatic control during the landing process; they use the optimal synthesis This paper approaches the automatic control of aircrafts in the longitudinal plane during the landing process, taking into consideration the longitudinal and vertical wind shears and the errors of the sensors. Two automatic landing systems (ALS) are designed: the former uses an ILS system, while the latter controls the altitude using the state vector. Both systems have a subsystem for the control of the longitudinal velocity ;
x V the velocity control uses the dynamic inversion and a first order command (reference) filter.
The ALS with ILS system has a proportional-derivative pitch angle control system, and uses some sensors for the pitch angular rate and pitch angle measurement; the sensor for the measurement of the pitch angle may miss if the pitch angle signal is obtained by numerical integration of the angular rate .
y  The second ALS has a pitch angle control system based on the dynamic inversion, PID controller, and a second order command filter.
The paper has a lot of original issues; some of them are: the general design of the two new ALSs including the longitudinal velocity control, the tuning of the PID conventional controllers for the altitude, pitch and velocity channels, the design of the above controllers in an intelligent approach by using the fuzzy techniques, the study of the errors induced by the wind shears and errors of the gyro sensors on the both variants of the ALS (with conventional and fuzzy control). In section VII of the paper, all the originality issues are presented in detail.
The paper is organized as follows: the geometry of the landing process, in longitudinal plane, is given in section II, the dynamics of the aircraft in longitudinal plane is presented in section III; in section IV the authors present the two new automatic landing systems for aircrafts flight control in longitudinal plane. The design of the fuzzy logic controllers is given in section V, while, in section VI, complex simulations have been performed to validate the proposed automatic landing systems; finally, some conclusions are shared in section VII.
II. Geometry of the Landing Process in Longitudinal Plane
If only the longitudinal plane approach is considered for the landing of an aircraft, then two phases are distinguished for this procedure ( Fig. 1 H is the starting altitude for the flare landing phase. In the glide slope phase of the landing process, an Instrumental Landing System (ILS) may be used to elaborate the signals for the aircraft flight control. In this way, the slope receiver forms a signal which depends on the angular deviation  (Fig. 1) provided by ILS; it is a guidance signal for the control system of the aircraft pitch angle (Donald 1990) . A low-pass filter is used to cut the noise generated by the distortions from the equal signals zone (Aron et al. 1989 ). The control loop of the guidance system is closed by the aircraft kinematics, which transforms the aircraft pitch in a displacement with respect to the imposed (desired) glide slope . 
while the component of the aircraft velocity along the normal direction to the glide slope is given by the equation:
For the two landing cases presented in Fig. 1 
while, during the flare process, according to equation (4) , it becomes:
a. b. If the flare process takes, for example,  5 seconds (Donald 1990) , and the velocity of the aircraft has not a significant variation, then, from Fig. 2 .a, the coordinates of the contact point between the aircraft and the runway are:
Using the equation (6) (8) and, from Fig. 2 .a, we get:
The equations (8) and (9) lead to the following one:
where
If the values of 0 V and 0 H are known, using the equations (7) and (10) ; ,
 is the aircraft pitch angle,   the attack angle of the aircraft, while  is the aircraft flight path angle ( , ,   and  are expressed here in radians). Because the flare trajectory is an exponential one, the aircraft would take a very long time to reach the point . . sin sin cos sin cos
III. The Dynamics of the Aircraft in Longitudinal Plane
The linear model of the aircraft movement, in longitudinal plane, is described by the state equation: 
the elements of the matrices are calculated with special equations (Lungu 2008) , with respect to the stability derivates for the chosen aircraft type.
The calculus equations for the components of the wind velocity may be by the forms ( 
These relationships shape the wind shears; the aircraft, during the landing process, is disturbed by head wind and rear wind combined with vertical wind. In equation (23) 
.
The inverse dynamic model with respect to the state variables 
the variables " 
IV. ALSs for Aircrafts Flight in Longitudinal Plane
In this section, two automatic landing systems (ALS) are proposed: 1) ALS with ILS system; and 2) ALS which 
where  and its derivatives represent the state variables of the second order command filter, commanded by a PID controller. The second order state filter (the system with respect to the variable  is a second order system) is described by the equation:
with the reference angle r  given by the PID controller having the equation: 
is based on the dynamic inversion principle (Pashilkar et al. 2006) .
A particular form of the ALS based on the architecture in Fig. 3 is presented in Fig. 5 . The glide slope controller is a PI controller, but, for a better stabilization, we add an element which introduces a phase advance (Lungu 2000) .
Therefore, the controller transfer function becomes:
Eq. (14) Eq. (10) Eq. (19) VELOCITY TRANSDUCER The considered transfer function of the flare controller is:
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Fig. 4 ALS with the control made by means of the state vector
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while the control law of the pitch angle has been chosen by a PD form. 
On the other way, the control of the aircraft altitude on the flare trajectory is not made by using the altitude ; H the control is made by means of the slope angle .
 Thus, according to aircraft cinematic equation (12), by controlling the slope angle  we control H  and . H To avoid the variation of the aircraft flight velocity, the component 
x V and x V  are provided by the first order command filter.
The horizontal velocity x  is obtained using the equation (19) and the aircraft horizontal displacement is obtained by the integration of . From the other point of view, in the conditions of strong aerodynamic disturbances, the control laws may become inefficient. That is why some adaptive components were added to the PID components of the control laws in 
V. The Design of the Fuzzy Logic Controllers
Fuzzy logic is an innovative technology that provides a simple tool to interpret the human experience into reality. This enhances the conventional system design with engineering expertise. The fuzzy logic use can help to circumvent the need for rigorous mathematical modeling, which is a very difficult task, if not an impossible one. The simplest fuzzy controller is the proportional controller (FP), being relevant for state or output feedback in a state space controller. Its input is the error and the output is the control signal. From another perspective, derivative action helps to predict the error and the proportional-derivative (PD) controller uses the derivative action to improve closed-loop stability (Jantzen 1998) . The equation of a PD controller can be expressed as follows: T value will produce damped oscillations of the system, over a threshold value the system becoming over damped (Jantzen 1998 ). 
k is the step, Additionally, if there is a sustained error in steady state, an integral action is absolutely necessary. The integral component will increase the control signal if there is a positive error, or will decrease it if the error is negative in order to obtain zero error value in steady state (Jantzen 1998) . Considering the control law of a proportional-integral (PI) controller is easily to find from its discrete form that for a fuzzy PI controller obtaining are also used the error and change in error as inputs to the rule base (Kumar 2008) . Literature shows that it is rather difficult to write rules for the integral action because of the integrator windup problem emerging when the actuator has physical limitations; after saturation the control action stays constant, but the error will continue to be integrated and the integrator to wind up (Jantzen 1998). Here, there are proposed two methods to obtain a fuzzy controller with an integral component and avoid the integrator windup problem: a fuzzy incremental controller architecture (Fig. 7.a) , respectively, a parallel integral action and fuzzy PD architecture (Fig. 7.b) . Also, in (Kumar 2008 ) two equivalent architectures for a fuzzy PID controller are given: a) fuzzy PI + fuzzy PD in feedback mode; b) fuzzy PI + fuzzy PD cascade configuration. The disadvantage of the incremental controller in Fig.7 .a is that it does not include the derivative component well (Jantzen 1998) . So, to have all the benefits of a PID control in a simple manner it is recommended to choose the structure in Fig. 7 .b for FLC.
a. 
and a π -function shaped membership function is a combination between the first two: 
represents the degree of fulfillment of the antecedent, i.e., the level of firing of i th rule.
In the [-1, 1] universe interval, a three range partition, negative (N), zero (Z) and positive (P), were chosen for the inputs e and e  , and five-range partition, negative-big (NB), negative-small (NS), zero (Z), positive-small (PS) and positive-big (PB) were used for the output. According to the values in Table 1 , the membership functions for both inputs are under the form depicted in Fig. 8 , and are given by equations (41), (42) or (43): The rule-based inference chosen for each consequent is also represented in Fig. 9 . From the previous considerations, the fuzzy control surface results under the form represented in Fig. 10 . Table 1 ). The rule-based inference, chosen for each consequent, is presented in Fig. 11 , while the resulted fuzzy control surface has the form in Fig. 12 .
VI. Numerical Simulation Results
For the study of the ALS dynamics, we consider a Charlie-1 aircraft with the following stability derivates (Donald 1990 ): 
With these, the matrices (22) In the above simulations we did not take into consideration the errors of the sensors (used for the measurement of the state variables). These errors are considered within simulation below.
For the gyro sensors, we consider the model of the error that takes into account the parameters from the data sheets offered by the sensors producers; the model of the error is described by the equation:
where  is the output angular rate (the perturbed signal),   ). ,
The noise is generated by using the Simulink block "Band-Limited White Noise" and the 
